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57 ABSTRACT 
An input audio signal is AD converted into digital sig 
nals which are processed by a central processing unit 
(CPU) in which Fast Fourier Transform (FFT) opera 
tion and power spectrum calculation are effected. As a 
result power spectrum data is obtained, and then posi 
tion determination is effected to determine the position 
of each bar of a bar graph to be displayed on a display 
unit screen, according to the power level at different 
frequencies within the spectrum of the audio signal. 
Pattern data is then produced in correspondence with 
the determined position, and output data from the CPU 
is fed via a video display processor to a video RAM, 
thereby displaying the spectrum by way of a predeter 
mined pattern of a bar graph on the screen. In order to 
reduce the number of digital data used in FFT operation 
the input audio signal may be divided into a plurality of 
different frequency bands so that different sampling 
frequencies are used for AD conversion of signals of 
respective bands. As a result, operating time is reduced. 
To further reduce the operating time the CPU may be 
arranged to execute parallel operations in various man 
ners. Furthermore, two or more CPUs may be em 
ployed to further increase the operating speed. 

23 Claims, 18 Drawing Figures 
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1. 

SPECTRUM DISPLAY DEVICE FOR AUDIO 
SIGNALS 

BACKGROUND OF THE INVENTION 

This invention relates to a spectrum display device 
and method for audio signals, which is capable of dis 
playing a spectrum of an audio signal on a screen of a 
display unit at real time, and to an analog to digital 

5 

converter having plural sampling frequencies, each of 10 
which is selected as a function of the highest audio 
frequency applied to the converter. 

Since a display device capable of displaying a spec 
trum of an audio signal on a screen of a display unit at 
real time can be effectively used for visual confirmation 
of vividness, adjustment of balance between signals of 
respective channels within audio devices, and for ad 
justment of various characteristics of audio devices, 
research for practical use of display devices of this sort 
has been carried out hitherto. 
As spectrum display devices for audio signals in the 

prior art, although it has been attempted to provide one 
having a structure arranged to obtain frequency compo 
nents of an audio signal by way of a plurality of band 
pass filters so as to indicate the same on a screen of a 
display unit, such conventional one is complex in struc 
ture, while it has been difficult to provide one having a 
high resolution at a low cost. For this reason an im 
provement therefor has been desired. 

In order to resolve the above-mentioned problem 
although effort has been made to provide a new spec 
trum display device in which spectrum analysis is car 
ried out by way of Fast Fourier Transform (FFT) oper 
ation to display the result of the same on a screen of a 
display unit, it is necessary to execute complex calcula 
tions in connection with a number of data when per 
forming FFT operation when it is intended to narrow 
the interval between frequencies of the spectrum on 
spectrum analysis, and therefore it takes a long period of 
time for performing FFT operation resulting in diffi 
culty in real time indication of a spectrum. 

SUMMARY OF THE INVENTION 

The present invention has been developed in order to 
remove the above-described drawbacks inherent to the 
conventional spectrum display device. 

It is, therefore, an object of the present invention to 
provide a new and useful spectrum display device 
which is capable of indicating a spectrum of an audio 
signal with a desired frequency interval at substantially 
real time. 
According to a feature of the present invention, an 

input audio signal is AD converted, and then digital 
signals resulted from AD conversion are processed by 
way of FFT operations and power spectrum calcula 
tions executed by one or more central processing units 
to determine levels at a plurality of frequencies within a 
spectrum of the audio signal, which levels are used to 
determine position of respective display elements, such 
as bars of a bar graph used as a display pattern to be 
indicated on a display unit screen, and data from the 
central processing unit is transmitted via a video display 
processor into a video ram. 
According to another feature of the present invention 

the entire frequency range of an input audio signal is 
divided into a plurality of frequency bands first, and 
then calculations for obtaining spectrum data are exe 
cuted for respective band signals in different manners. 
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2 
As a result, the number of digital data necessary for Fast 
Fourier Transform operation is effectively reduced, 
resulting in reduction in operating time. 
According to further feature of the present invention, 

the central processing unit is arranged to execute paral 
lel operations in various manners thereby increasing the 
operating speed. 

In accordance with the present invention there is 
provided a spectrum display device for audio signals 
comprising: analog-to-digital converting means for con 
verting an input analog signal into digital signals at a 
sampling frequency; a central processing unit for effect 
ing FFT operation in connection with the digital signals 
outputted from the analog-to-digital converting means, 
for effecting power spectrum calculation in connection 
with the result of the FFT operation to obtain power 
spectrum data, for converting the power spectrum data 
into pattern information corresponding to levels at a 
plurality of frequencies within a spectrum of the input 
analog signal, and for outputting data indicative of the 
pattern information; and a video display processor sup 
plied with the output data from the central processing 
unit thereby displaying a power spectrum by way of the 
pattern on a screen of a display unit such that levels at 
the plurality of frequencies with the spectrum are ar 
ranged in sequence. 

In accordance with the present invention there is also 
provided a spectrum display device for audio signals 
comprising: band-separating means for dividing an 
input audio signal into signals of a plurality of frequency 
bands; a plurality of analog-to-digital converting means 
for respectively simultaneously converting a plurality 
of output signals from the band-separating means into 
digital signals at different sampling frequencies; a cen 
tral processing unit for effecting FFT operation in con 
nection with the digital signals outputted from the plu 
rality of analog-to-digital converting means, for effect 
ing power sepctrum calculation in connection with the 
result of the FFT operation to obtain power spectrum 
data, for converting the power spectrum data into pat 
tern information corresponding to levels at a plurality 
of frequencies within a spectrum of the input analog 
signal, and for outputting data indicative of the pattern 
information; and a video display processor supplied 
with the output data from the central processing unit 
thereby displaying a power spectrum by way of the 
pattern on a screen of a display unit such that levels at 
the plurality of frequencies with the spectrum are ar 
ranged in sequence. 

In accordance with the present invention there is also 
provided a spectrum display device for audio signals 
comprising: band-separating means for dividing an 
input audio signal into signals of a plurality of frequency 
bands; analog-to-digital converting means for respec 
tively converting a plurality of output signals from the 
band-separating means into digital signals at different 
sampling frequencies; a plurality of central processing 
units for effecting FFT operation in connection with 
the digital signals outputted from the analog-to-digital 
converting means, for effecting power spectrum calcu 
lation in connection with the result of the FFT opera 
tion to obtain power spectrum data, for converting the 
power spectrum data into pattern information corre 
sponding to levels at a plurality of frequencies within a 
spectrum of the input analog signal, and for outputting 
data indicative of the pattern information, one of the 
centeral processing units being arranged to effect FFT 
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operation and power spectrum calculation in connec 
tion with the digital signal of a predetermined fre 
quency band among the plurality of frequency bands; 
and a video display processor supplied with the output 
data from the central processing unit thereby displaying 
a power spectrum by way of the pattern on a screen of 
a display unit such that levels at the plurality of frequen 
cies with the spectrum are arranged in sequence. 

In accordance with the present invention there is 
further provided a spectrum display device for audio 
signals comprising: band-separating means for dividing 
an input audio signal into signals of a plurality of fre 
quency bands; a plurality of analog-to-digital convert 
ing means for respectively simultaneously converting a 
plurality of output signals from the band-separating 
means into digital signals at different sampling frequen 
cies; a plurality of central processing units for effecting 
FFT operation in connection with the digital signals 
outputted from the plurality of analog-to-digital con 
verting means, for effecting power spectrum calculation 
in connection with the result of the FFT operation to 
obtain power spectrum data, for converting the power 
spectrum data into pattern information corresponding 
to levels at a plurality of frequencies within a spectrum 
of the input analog signal, and for outputting data indic 
ative of the pattern information, one of the centeral 
processing units being arranged to effect FFT operation 
and power spectrum calculation in connection with the 
digital signal of a predetermined frequency band among 
the plurality of frequency bands; and a video display 
processor supplied with the output data from the cen 
tral processing unit thereby displaying a power spec 
trum by way of the pattern on a screen of a display unit 
such that levels at the plurality of frequencies with the 
spectrum are arranged in sequence. 

In accordance with a further aspect of the invention 
there is provided apparatus for processing an analog 
signal having a predetermined frequency range and 
converting said analog signal into plural digital signals 
wherein each of said digital signals represents the ampli 
tude of the analog signal in each of plural different 
bands in the predetermined frequency range, each of 
which has a maximum frequency. The apparatus con 
prises means responsive to the analog signal for separat 
ing it into the plural different bands whereby plural 
further analog signals, one for each of the bands, are 
derived. Each of the plural further analog signals is 
converted into a separate digital signal by a mean hav 
ing a different sampling frequency associated with each 
of the plural further analog signals. Each of the different 
sampling frequencies for each of the plural further ana 
log signals is arranged so that the sampling frequency 
increases with increasing maximum frequencies associ 
ated with each band. Digital signal processing means 
processes the separate digital signals derived by the 
converting means. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The object and features of the present invention will 
become more readily apparent from the following de 
tailed description of the preferred embodiments taken in 
conjunction with the accompanying drawings in which: 
FIG. 1 is a schematic block diagram of a first embodi 

ment of the spectrum display device according to the 
present invention; 
FIG. 2 is an example of a memory map of a video 

RAM used in the embodiment of FIG. 1; 
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FIG. 3 is an explanatory diagram of sections on a 

display unit screen of the spectrum display device of 
FIG. 1; 
FIG. 4 is a diagram showing an example of a display 

pattern on the display unit screen; 
FIG. 5 is a flow chart showing the operation of the 

central processing unit used in the embodiment of FIG. 
1; 
FIG. 6 is a timing chart showing timing relationship 

between respective steps of the flow chart of FIG. 5; 
FIG. 7 is a schematic block diagram of a second 

embodiment of the spectrum display device according 
to the present invention; 
FIGS. 8A and 8B are flow charts showing the opera 

tion of the two central processing units used in the 
embodiment of FIG. 7; 

FIG. 9 is a timing chart showing timing relationship 
between respective steps of the flow chart of FIG. 8; 

FIG. 10A is a schematic block diagram of a third 
embodiment of the spectrum display device according 
to the present invention; 

FIG. 10B is a diagram showing a sign detector used in 
the embodiment of FIG. 10A; 
FIGS. 11A and 11B are flow charts showing the 

operation of the central processing unit used in the 
embodiment of FIG. 10A; 

FIG. 12 is a timing chart showing timing relationship 
between respective steps of the flow chart of FIGS. 
11A and 11B; 
FIGS. 13A and 13B are flow charts showing another 

operation of the central processing unit used in the 
embodiment of FIG. 10A; and 
FIG. 14 is a timing chart showing timing relationship 

between respective steps of the flow charts of FIGS. 
13A and 13B. 
The same or corresponding elements and parts are 

designated at like reference numerals throughout the 
drawings. 

DETALED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1 a block diagram of an embodi 
ment of the spectrum display device for audio signals 
according to the present invention is shown. In FIG. 1, 
the reference 1 is an input terminal of left channel (chan 
nel L), and the reference 2 is an input terminal of right 
channel (channel R). The channel L signal is applied to 
a switch SWl, an adder ADD and a subtractor SUB 
after being amplified by a buffer amplifier BAl, while 
the channel R signal is applied to a switch SWr, the 
adder ADD and the subtractor SUB after being ampli 
fied by another buffer amplifier BAr. 
The adder ADD produces a sum signal of the channel 

L signal and the channel R signal to apply the sun 
signal to a switch SWa, while the subtractor SUB pro 
duces a difference signal between the channel L signal 
and the channel R signal to apply the difference signal 
to a switch SWb. 
The reference SW shown by dot-dash lines in FIG. 1 

is a selection switch comprising the above-mentioned 
individual switches SWl, SWr, SWa and SWb, and the 
selection switch SW is arranged such that when one of 
the individual switches thereof is in ON state, remaining 
switches are all in OFF state so that one of signals se 
lected by the single switch, which is in ON state, is 
applied to a subsequent circuit. 

In the illustrated example, one of four signals, i.e. the 
channel L signal, channel R signal, the sum signal of the 



4,665,494 
5 

channel L signal and the channel R signal, and the dif 
ference signal between the channel L signal and the 
channel R signal, is selected by the selection switch SW. 
A signal selected by the above-mentioned selection 

switch SW is applied to band pass filters BPF1 and 
BPF2, and respective output signals from the respective 
band pass filters BPF1 and BPF2 are applied via a multi 
plexer MPX to an analog-to-digital converter ADC 
(hereinafter analog-to-digital conversion will be simply 
referred to as AD conversion). 
An output signal from the band pass filter BPF1 is 

referred to as a first signal which is within a frequency 
band ranging from a frequency fl to a frequency fe, 
while an output signal from the band pass filter BPF2 is 
referred to as a second signal which is within a fre 
quency band ranging from a frequency fo to a frequency 
fh. The multiplexer MPX sends the above-mentioned 
first and second signals in sequence along time base in 
accordance with a switching control signal from a cen 
tral processing unit CPU whose operation is described 
in detail infra. 
Although two band pass filters BPF1 and BPF2 are 

employed as described in the above in the example 
illustrated in FIG. 1 so that the signal to be an objective 
of spectrum analysis, which signal is in a frequency 
band fl to fh, can be divided into two halves at the 
frequency fo, when practicing the present invention, 
three or more band pass filters, which divide a fre 
quency band ranging from a frequency f1 to a frequency 
fh, may be used. 

In the spectrum display device for audio signals ac 
cording to the present invention, spectrum analysis of 
an audio signal is effected by way of Fast Fourier 
Transform, which will be simply referred to as FFT 
operation hereinafter, and power spectrum calculation 
as will be described later. In the above, FFT operation 
is an algorithm for the machine calculation of complex 
Fourier Series established by Cooley and Tukey and 
described in MATHEMATICS OF COMPUTA 
TION, page 297, published April 1965. When a signal 
having a frequency band ranging from fl to fh is sub 
jected to spectrum analysis, it is required that digital 
data use for FFT operation of variations having a signal 
component having a frequency offh should be obtained 
through AD conversion performed with a sampling 
frequency of at least 2fh. Furthermore, a number of 
digital data is needed to effect spectrum analysis whose 
resolution is sufficient in connection with a signal com 
ponent close to fl. 
Taking an example of spectrum analysis of a signal 

whose fl is 25 Hz and fh is 20 KHz, i.e. a signal having 
a frequency range between 25 Hz and 20 KHz, which 
analysis is performed by way of FFT operation, the 
digital signal necessary for FFT operation is a signal 
which is obtained by AD conversion effected by an AD 
converter with a sampling frequency equal to or higher 
than 40 KHz, and assuming that the resolution of the 
spectrum analysis is 25 Hz, the number of data neces 
sary for FFT operation is 40000/25=1600. 

Since FFT operation takes a shorter time as the num 
ber of digital data decrease, it is desirable for the num 
ber of digital data used in the FFT operation to be small 
in order to display the spectrum of an audio signal at 
real time. 
However, when the number of digital data used for 

FFT operation is small, a frequency interval of the 
spectrum resulted from the FFT operation becomes 
long, providing unsatisfactroy result of analysis in con 
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6 
nection with low frequency range. Therefore, it is nec 
essary to increase the number of digital data used for 
FFT operation to an extent that a satisfactory analysis 
result analysis is obtained in connection with at least 
low frequency range. Such an increase in digital data 
number causes the FFT operation to take longer time, 
and therefore such an increase is apt to be an obstacle 
for real time display of spectrum. 
To remove such a problem therefore, in the spectrum 

display device according to the present invention a 
frequency band fl to fh subjected to spectrum display, is 
divided into a plurality of signals by way of a plurality 
of band pass filters so that a separate FFT operation is 
executed for each signal of the respective frequency 
bands resulting from the division. As a result, spectrum 
analysis having the desired resolution is performed in 
less time with fewer digital data. 
One of the circumstances in which audio signals are 

treated involves determining the amplitude of the signal 
in various frequency intervals of the signal relative to an 
octave (for instance, interval of 1 octave, octave, 
octave, octave or the like). When the signal amplitude 
is indicated, frequency is indicated on a logarithmic 
scale. When a spectrum analysis is performed only over 
a low frequency range of an entire range of frequencies 
which are the objective of spectrum display, some use 
less data are calculated in connection with a high fre 
quency range. Therefore, in the present invention, the 
frequency band fl to fh subjected to spectrum analysis is 
divided into a plural bands to obtain necessary high 
speed data. 

In the embodiment shown in FIG. 1, band pass filters 
BPF1 and BPF2 divide the signal of the frequency 
range fl to fh, which is to be an objective of spectrum 
analysis, into a first frequency band fl to fe and a second 
frequency band fe to fh as described above. Then sam 
pling/quantization is effected in connection with the 
above-mentioned first and second signals with different 
sampling frequencies so as to obtain a predetermined 
number of digital data. 
Assume that the frequencies fl and fh are 25 Hz and 

20 KHz as in the above-described example and that the 
frequency fe is 1.6 KHz, a signal in a frequency band 
between 25 Hz and 1.6 KHz is the first signal, while a 
signal in a frequency band between 1.6 KHz and 20 
KHz is the second signal. 

In the embodiment device shown in FIG. 1, the first 
and second signals are fed to analog to digital converter 
ADC in sequence by way of the multiplexer MPX to be 
converted into digital signal; switching control timing 
of the multiplexer MPX and start timing of the conver 
sion by the AD converter ADC are both determined by 
the central processing unit CPU. 
The central processing unit CPU controls converter 

ADC so it converts the first analog signal into a digital 
signal with a sampling frequency of 2.fc while the first 
signal is applied via the multiplexer MPX to converter 
ADC by the control of the central processing unit CPU; 
converter ADC converts the second analog signal into 
a digital signal with a sampling frequency of 2fh while 
the second signal is applied via the multiplexer MPX to 
the converter ADC by the control of the central pro 
cessing unit CPU. 
When the first signal is between 25 Hz and 1.6 KHz, 

and the second signal is between 1.6 KHz and 20 KHz, 
analog to digital conversion of the first and second 
signals are respectively effected with sampling frequen 
cies of 3.2 KHz and 40 KHz. Digital signals obtained by 
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the above-mentioned analog to digital conversion are 
stored in a main memory RAM as data to be used for 
FFT operation, where the number of digital data neces 
sary for FFT operation depends on the frequency inter 
val of the spectrum which is to be obtained by FFT 
operation. For instance, when it is intended to obtain a 
spectrum analysis with a frequency interval of 25 Hz in 
connection with the first signal, the number of analog to 
digital converted digital data to be prepared is 
3200/25= 128. Similarly, assuming that the number of 10 
digital data in connection with the second signal is 128, 
the result of spectrum analysis is such that the frequency 
interval is 40000/128=312.5 (Hz). 
The number of digital data in connection with each of 

the first and second signals may be arbitrarily deter 
mined depending on a frequency interval desired for a 
result of spectrum analysis, wherein the number of digi 
tal data for the first signal is not required to be equal to 
that for the second signal. 
The central processing unit CPU performs predeter 

mined control operations and calculations in accor 
dance with a program stored in a read-only memory 
ROM1, and also sends data via a video display proces 
sor VDP to a video read only memory. The RAM is a 
main memory, and ROM2 is a high-speed memory in 
which a program for spectrum analysis is prestored. 
Furthermore, CRT is a display unit, where the display 
unit is of the type using a cathode ray tube in the follow 
ing description. On a screen of the display unit CRT is 
indicated the result of spectrum analysis as shown in 
FIG. 4 for instance. 
The video display processor VDP functions as an 

interface between the video RAM connected thereto 
via a data bus 4, and the central processing unit CPU, 
and is constructed such that it is capable of determining 
the contents of pictures by using various data stored in 
the above-mentioned video RAM, and of generating a 
composite video signal of a predetermined standard 
system. This video display processor VDP, for instance, 
may be one manufactured by Texan Instruments, Inc., 
of the United States, introduced in ELECTRONICS, 
Nov. 20, 1980 (pages 123-126) or an integral composite 
video generator disclosed in U.S. Pat. No. 4,263,302 
issued to Texas Instruments, and it is assumed that the 
above-mentioned video display processor is used in the 
following description. 

In FIG. 1, although no address-decoder is shown, in 
actual structure an address-decoder responsive to ad 
dress data from the central processing unit CPU is pro 
vided so as to respectively designate the addresses of 
the main memory RAM, read-only memories ROM1 
and ROM2, AD converter ADC, multiplexer MPX, 
and the video display processor VDP. The central pro 
cessing unit CPU is preferably of high-speed and capa 
ble of commanding signed multiplication, which is a 
basic calculation for FFT. As the central processing 
unit CPU may be used an integrated circuit TMS9995 
manufactured by Texas Instruments. 
FIG. 2 is a drawing showing an example of a memory 

map of the video RAM connected via the bus 4 to the 
video display processor. In the memory map of the 
video RAM of FIG. 2, 1024 bytes from address 0 to 
address 1023 are used as a sprite generator table (SPG); 
768 bytes from address 1024 to address 1791 being used 
as a pattern name table (PNT); 128 bytes from address 
1792 to address 1919 being used as a sprite attribute 
table (SAT); 32 bytes from address 1920 to address 1951 
being used as a color table (CT); and 96 bytes from 
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address 1952 to address 2047 being unused yet; and 2048 
bytes from address 2048 to address 4095 being used as a 
pattern generator table (PGT). 
The pattern generator table PGT is capable of storing 

a specific pattern of 8 pixels by 8 pixels by using 8 bytes 
respectively for instance, and therefore 256 patterns of 
8 by 8 pixels can be stored. The pattern information 
stored in the pattern generator table PGT is transmitted 
from the read-only memory ROM at an initial state of 
the device by the operation of the central processing 
unit CPU. However, the pattern generator table PGT 
may of course be a read-only memory. 

In the storing region including 8-byte portions of the 
pattern generator table PGT are stored specific patterns 
of 8 by 8 pixels are respectively stored, and respective 
specific patterns can be designated by pattern names 
assigned to respective storing regions in which the spe 
cific patterns are respectively stored. In the case of the 
pattern generator table PGT of FIG. 2, 256 patterns can 
be designated by way of 256 pattern names from pattern 
name #1 through pattern name 256. 

Nextly, the pattern name table PNT comprises a 
storing capacity corresponding to a total number of 
displaying sections imagined on the screen of the dis 
play unit CRT so as to store information indicating 
which section is of which pattern name of the pattern 
generator table PGT. 

In an example of FIG. 3, the total number of sections 
set in the display unit screen is 32 columnsX24 
rows)=768, and since 1 byte is used as the amount of 
informtion for indicating 1 section, the pattern name 
table PNT has a storing capacity of 768 bytes as men 
tioned in the above. 

In the case that a necessary number of patterns are 
stored in the pattern generator table PGT of the video 
RAM, and that necessary pattern names assigned in 
correspondence with respective patterns are stored in 
the respective sections of the display unit screen of the 
pattern name table PNT, the video display processor 
VDP produces a composite video signal complying 
with a specific standard system where the contents of 
the picture is determined by information stored in the 
pattern name table PNT of the video RAM, information 
stored in the pattern generator table PGT, and informa 
tion stored in the color table CT when necessary, and 
the produced composite video signal being fed to the 
display CRT for displaying a specific pattern on the 
screen of the display unit CRT. 
The above description is related to a case of display 

ing under a display mode in which a specific one of 
patterns stored in the pattern generator table PGT is 
displayed at a specific section among 768 sections, 
namely, so called graphic mode. When displaying a 
pattern with such a graphic mode, the position of the 
pattern is designated by the pattern name table PNT, 
and therefore, when it is intended to move a pattern on 
the display unit screen, the pitch of pattern movement 
on the display unit screen is 1 section (distance of 8 
pixels). 

In order to cause the pattern to move smoothly with 
the pitch of pattern movement on the display unit 
screen being made small, the pattern stored in the sprite 
generator table SGT is moved on the display unit screen 
at a pitch of 1 pixel with a change in co-ordinates. 
The pattern to be stored in the sprite generator table 

SGT is sprite data which may be of either 8 pixels by 8 
pixels or 16 pixels by 16 pixels. Respective patterns 
stored in the sprite generator table SGT are given sprite 
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names separately as #0, #1 . . . #N, a sprite surface 
corresponding to a pattern with respective sprite names 
are arranged so that smaller numerical values indicated 
by the sprite names have higher priority. 

In the memory map of the video RAM shown in 5 
FIG. 2, since 1024 bytes from address 0 to address 1023 
are used as the sprite generator table SGT as described 
in the above, 128 patterns (sprite name #0 through 
#127) can be stored in the case of 8 pixels by 8 pixels in 
this case, and also 32 patterns (sprite name #0 through 10 
#31) can be stored in the case of 16 pixels by 16 pixels. 
In the case that 2048 bytes are assigned to the sprite 
generator table SGT of the video RAM, it is a matter of 
course that the number of patterns which can be stored 
in the sprite generator table SGT is twice as much as the 15 
above example. 

Since sprite position (1 byte for designating each of 
vertical position and horizontal position), name of dis 
play sprite (1 byte), color code and display sprite termi 
nation code (1 byte) and the like are set in the sprite 20 
attribute table SAT by using 4 bytes for each one sprite, 
in the case that 128 bytes are used as the sprite attribute 
table SAT, information of 32 sprites is stored in the 
sprite attribute table SAT. 
The position of a sprite is determined with a vertical 25 

position (a numerical value indicating the vertical order 
of picture point) and a horizontal position (a numerical 
value indicating the horizontal order of pictue point) 
being written in the sprite attribute table SAT, where a 
co-ordinate of 49,152 picture points determined by 256 30 
picture points (8 pixels by 32 sections) of horizontal 
direction (X direction) and 192 picture points (8 pixels 
by 24 sections) of vertical direction (Y direction) is 
provided wherein an origin of the sprite is set to the left 
top end, and the movement of the sprite is effected with 35 
a pitch of 1 pixel. 

In the spectrum display device for audio signals ac 
cording to the present invention, a spectrum of an audio 
signal is displayed on a screen of a display unit by way 
of a bar graph for instance as shown in FIG. 4 by an 40 
arrangement such that the selection of a pattern to be 
displayed on the screen of the display unit and the desig 
nation of the way of movement of the pattern are ef 
fected by data written in the pattern name table PNT in 
correspondence with a pretermined power spectrum 45 
value among the result of spectrum analysis of the audio 
signal; or by an arrangement such that the selection of a 
pattern to be displayed on the screen of the display unit 
and the designation of the way of movement of the 
pattern are effected by data written in the pattern name 50 
table PNT and the sprite attribute table SAT in corre 
spondence with a predetermined power spectrum value 
among the result of spectrum analysis of the audio sig 
nal with either a plurality of sorts of patterns being 
stored in the pattern generator table PGT or a plurality 55 
of sorts of patterns being stored in the pattern generator 
table PGT and the sprite generator table SGT. 

In FIG. 4 showing an example of a displaying state on 
the screen of the display unit CRT, various display 
patterns, such as the alphabetic letters SPECTRUM 60 
ANALYZER written horizontally at the top of the 
screen, letters and numerals dB, 0, -10, ... -40 and so 
on indicated vertically at the left and right of the screen, 
numerals for frequencies, alphabetic letters K, Hz ar 
ranged vertically, and vertical bars, are all prepared 65 
with the data being prestored in the read only memory 
ROM1. At the beginning of the operation of the spec 
trum display device of FIG. 1, the above-mentioned 

10 
various patterns stored in the read only memory ROM1 
is transferred to and stored in the pattern generator 
table PGT of the video RAM via the central processing 
unit CPU and the video display processor VDP, so as to 
be used for indication at the screen of the display unit 
CRT. This point will be described in detail hereinafter. 
The central processing unit CPU produces data nec 

essary for displaying the spectrum of an audio signal by 
executing steps in a flow chart of FIG. 5, and the data 
is fed to the video display processor VDP and to the 
video RAM to cause the display unit CRT to display 
the spectrum as shown in FIG. 4. 

In the flowchart of FIG. 5, at the START power is 
applied to start the display device, and subsequently in 
STEP (1) initialization (system initialization) is effected 
to clear the AD converter ADC, the main memory 
RAM, the video ram V.RAM and the like, while the 
registers of the video display processor VDP are set, 
and using region setting, in which it is determined 
which storing region of the video ram V.RAM is used 
for which table, as well as operating mode setting is 
performed, and a predetermined sort of pattern infor 
mation (for example, the pattern information of charac 
ters and numerals and the pattern information of the 
vertical bars of FIG. 4) is transmitted from the read 
only memory ROM1 via the video display processor 
VDP to the pattern generator table PGT, and predeter 
mined pattern information is transmitted from the read 
only memory ROM1 to the sprite generator table SGT, 
and furthermore, sprite names, Y-ordinate, color data 
and the like are transmitted from the read-only memory 
ROM1 to the sprite attribute table SAT. 
The central processing unit CPU repeatedly executes 

respective STEPs from STEP (2) to STEP (9) so that 
control of the multiplexer MPX, control of AD conver 
sion in the AD converter ADC, various calculations, 
storing of various data into the main memory RAM, 
and transmission of pattern information to the video 
RAM.V RAM are repeatedly effected. 

First of all in the STEP (2), the multiplexer MPX is 
controlled so that the first signal ranging from fre 
quency fl to fe applied from the band pass filter BPF1 is 
fed via the multiplexer MPX to the AD converter 
ADC, and an AD conversion start signal is fed to the 
AD converter ADC causing the AD converter ADC to 
perform sampling and quantization at a predetermined 
low sampling frequency so that a predetermined num 
ber (n) of digital data of a first group is stored in the 
main memory RAM in sequence. 
Assuming that the first signal outputted from the 

band pass filter BPF1 ranges from 25 Hz to 1.6 KHz, 
while the sampling frequency of the AD converter 
ADC is 3.2 KHz to obtain first group digital data 
(n=128) which are stored in the main memory RAM, 
when FFT operation is performed in a subseqent STEP 
(4) by using the 128 digital data of the first group, which 
has been stored in the main memory RAM, 64 pieces of 
spectrum information are resulted at an interval of 25 
Hz. The principle of obtaining spectrum data whose 
number is one half the number of input data is well 
known, for instance, such a principle is described in 
THE FAST FOURIER TRANSFORM by Prentice 
and Hall, published in 1974. 

After the first group digital data is stored in the main 
memory RAM in the STEP (2), a STEP (3) is executed 
in which the multiplxer MPX is controlled so that the 
second signal ranging from frequecy fe to flh from the 
band pass filter BPF2 is fed to the AD converter ADC, 
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and an AD conversion start signal is fed to the AD 
converter ADC causing the AD converter to perform 
sampling and quantization at a predetermined high san 
pling frequency so that a predetermined number (m) of 
digital data of a second group is stored in the main 
memory RAM in sequence. 
Assuming that the first signal outputted from the 

band pass filter BPF2 ranges from 1.6 KHz to 20 KHz, 
while the sampling frequency of the AD converter 
ADC is 40 KHz to obtain second group digital data 
(m = 128) which are stored in the main memory RAM, 
when FFT operation is performed in a subseqent STEP 
(5) by using the 128 digital data of the second group, 
which has been stored in the main memory RAM, 64 
pieces of spectrum information are resulted at an inter 
val of 312.5 Hz. 

Following the above-mentioned STEPs (2) and (3), in 
the STEP (4) FFT operation is effected with the n 
digital data of the first group stored in the main memory 
RAM being read out, and then n/2 spectrum data re 
sulted therefrom is stored in the RAM. The FFT opera 
tion is exectued in accordance with a program stored in 
the read-only memory ROM1 where FFT operation is 
peformed within an extremely short period of time since 
the read-only memory ROM is of high-speed type. This 
also applies to the FFT operation executed in the subse 
quent STEP (5). 

In the STEP (5), FFT operation is effected with the 
m digital data of the second group stored in the main 
memory RAM being read out, and then m/2 spectrum 
data resulted therefrom is stored in the main memory 
RAM. 

In a STEP (6), power spectrum calculation is effected 
in connection with spectrum data obtained in the above 
mentioned STEPs (4) and (5), and the results thereof are 
stored in the main memory RAM. 
The power spectrum calcuation may be executed in 

connection with only spectrum data representing the 
signal amplitude at exact frequency values of frequency 
divisions constituting the spectrum to be displayed on 
the display unit screen or in connection with each of 
spectrum data included in each frequency division hav 
ing a center or representative frequency corresponding 
to the frequency value to be displayed on the display 
unit screen so that a maximum value therof is picked up 
to be adopted as the magnitude at a frequency value to 
be displayed on the display unit screen. For instance, 
the level at 100 Hz may be displayed as the level of 100 
Hz sub-band or frequency division, while a maximum 
level among a plurality of levels at different frequencies 
within respective sub-bands or frequency divisions may 
be displayed as follows: 

SUB-BANDS FREQUENCIES FOR LEVEL DETECTION 
200 Hz. 175 Hz, 200 Hz 
10 KHZ 925 Hz, 950 Hz, 975 Hz, 1,000 Hz, 

1,025 Hz, 1,050 Hz, 1,075 Hz 
12 KHZ 1,100 Hz, 1,125 Hz, 1,150 Hz, 1,175 Hz 

1,200 Hz, 1,225 Hz, 1,250 Hz, 1,275 Hz 
1,300 Hz, 1,325 Hz 

10 KHZ 9,062.5 Hz, 9,375 Hz, 9,687.5 Hz, 
10,000 Hz, 10,312.5 Hz, 10,625 Hz 

The above-mentioned STEPs (4) through (6) are 
steps for spectrum analysis. 

Nextly, in a STEP (7) it is determined which position 
on the display unit screen, which is marked with digital 
values, corresponds to the magnitude of the spectrum 
calculated in the above-mentioned STEP (6) (display 
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12 
position determination), and subsequently in a STEP (8) 
data to be rewritten into the pattern name table PNT, or 
data to be written into the pattern name table PNT, and 
data, if necessary, to be written into the sprite attribute 
table SAT is produced in correspondence with the data 
determined in the STEP (7). In a following STEP (9) 
the above-mentioned data is transferred via the video 
display processor VDP to the video RAM and thus the 
video dispally processor VDP produces a composite 
video signal on the basis of data written into the video 
RAM, which composite video singal is sent to the dis 
play unit CRT to cause the same to display the spec 
trum as a pattern as shown in FIG. 4. FIG. 6 is a dia 
gram for the description of the repetition of the opera 
tions of the spectrum display device, and the operations 
are repeated with unit of a period of time corresponding 
to one cycle in the diagram. 
The spectrum display pattern shown in FIG. 4 as an 

example is such that specrum is displayed at respective 
frequencies of 50 Hz, 75 Hz, 100 Hz, 125 Hz, 150 Hz, 
200 Hz, 250 Hz, 300 Hz, 400 Hz, 500 Hz, 625 Hz, 800 
Hz, 1 KHZ, 1.2 KHZ, 1.5 KHz, 2 KHz, 2.5 KHz, 3 KHz, 
4 KHz, 5 KHz, 6.3 KHz, 8 KHz, 10 KHZ, 12 KHz, 16 
KHz, and 20 KHz. However, the frequencies to be 
displayed may be changed if desired. 

In the case that the input signal to be an objective of 
spectrum analysis is a music signal, the state of display 
would be such that the lengths of the vertical bars on 
the display unit screen changes every moment. The 
spectrum display such as shown in FIG. 4 may also be 
effected by only designating a pattern written into the 
pattern generator table PGT by the pattern name table 
PNT. 

In the spectrum display device according to the pres 
ent invention shown in FIG. 1, since the frequency 
range of the audio signal, which is an objective of spec 
trum display, is divided into a plurality of frequency 
bands so that FFT operation is effected such that spec 
trum information at a desired frequency interval is ob 
tained for respective frequency bands obtained by the 
division, the number of digital data necessary for FFT 
operation can be remarkably reduced when compared 
to the case in which spectrum information is obtained at 
a predetermined frequency interval throughout the 
entire frequency range of the audio signal which is the 
objective of spectrum display, and therefore, even if 
FFT operations in connection with respective fre 
quency bands obtained by the division into a plurality 
are executed in series along time base as described with 
reference to the flow chart of FIG. 5, the total time 
necessary for FFT operations in connection with sig 
nals of respective frequency bands can be reduced when 
compared to the case in which FFT operation is exe 
cuted without dividing the band, and eventually, the 
spectrum displaying operation according to the present 
invention can be performed in a condition which is 
close to real time operation. 
Although two band pass filters BPF1 and BPF2 are 

employed in the above-described embodiment of FIG. 1 
for dividing the entire frequency range of the input 
audio signal into first and second signals of low and high 
frequency bands, such a plurality of band pass filters 
may be omitted so that AD conversion of the input 
audio signal is effected with a constant sampling fre 
quency throughout the entire frequency range of the 
input audio signal. When the spectrum display device is 
arranged to process the input audio signal without di 
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viding the entire frequency range thereof into a plural 
ity, the output signal from the selection circuit SW may 
be directly applied to the AD converter ADC. In other 
words, the multiplexer MPX and the band pass filters 
BPF1 and BPF2 may be omitted. However, in order to 
reduce possible aliasing noises, which are apt to occur 
during AD conversion as is well known, a single band 
pass filter is preferably employed so that the frequency 
range of the audio signal applied to the AD converter 
ADC ranges from fl to fh. 
While FFT operations in connection with respective 

frequency bands obtained by dividing the frequency 
range of the audio signal, which is an ojective of spec 
trum display, are performed in series along time base in 
the spectrum display device of the embodiment of FIG. 
1, FIG. 7 is a block diagram showing an embodiment of 
the spectrum display device for audio signals, which is 
arranged to be able to display a spectrum of an audio 
signal at a speed further faster than that in the spectrum 
display device of FIG. 1. 
The spectrum display device of FIG. 7 comprises 

two central processing units CPU1 and CPU2 so as to 
enable parallel FFT operations along time base in con 
nection with signals of respective frequency bands ob 
tained by division, and therefore, time required for 
spectrum analysis is reduced when compared to the 
case of the structure of FIG. 1, thereby spectrum dis 
play is performed under a condition which is further 
close to real time. 
Namely, in the spectrum display device for audio 

signals shown in FIG. 7, output signals from two band 
pass filters BPF1 and BPF2, which divide the frequency 
range fl to fh of the audio signal used as an objective of 
spectrum analysis, are AD converterd in parallel on 
time base, and subsequently FFT operations are ef 
fected in parallel so that reduction in time necessary for 
spectrum analysis can be achieved. 

In FIG. 7, a first signal having a frequency range fl to 
fe, which is outputted from the band pass filter BPF1, is 
applied to an AD converter ADC1, while a second 
signal having a frequency range fe to fin, which is out 
putted from the band pass filter BPF2, is applied to 
another AD converter ADC2. 
The above-mentioned two AD converters ADC1 

and ADC2 are arranged such that their AD converting 
timings are controlled by control signals from the cen 
tral processing unit CPU1. 

In FIG. 7, the reference RAM is a main memory, 
while references ROM1 and ROM2 are read only mem 
ories, and references 3 through 9 are busses. In the 
following description it is assumed that the frequency 
range fl to fh of the audio signal, which is an objective 
of spectrum analysis, is between 25 Hz and 20 KHz, 
while the above-mentioned audio signal is divided into 
a first signal ranging from 25 Hz to 1.6 KHz and a sec 
ond signal ranging from 1.6 KHz to 20 KHz by way of 
the band pass filters BPF1 and BPF2, and it is arranged 
such that result of spectrum operation is obtained with 
a frequency interval of 25 Hz in connection with the 
first signal, and result of spectrum operation is obtained 
with a frequency interval of 625 Hz in connection with 
the second signal. 
As described in the above, in order to obtain a result 

of spectrum operation with a frequency interval of 25 
Hz in connection with the first signal having a fre 
quency range from 25 Hz to 1.6 KHz, 128 digital data is 
required for FFT operation for the first signal as de 
scribed in connection with the spectrum display device 
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of FIG. 1, where the sampling frequency on AD con 
version for converting the first signal into a digital sig 
nal is 3.2 KHz. 
On the other hand, in order to obtain a result of spec 

trum operation with a frequency interval of 625 Hz in 
connection with the second signal having a frequency 
range from 1.6 KHz to 20 KHz, 64 digital data is re 
quired for FFT operation for the second signal as de 
scribed in connection with the spectrum display device 
of FIG. 1, where the sampling frequency on AD con 
version for converting the second signal into a digital 
signal is 40 KHz. 

In the above example, time length T1 necessary for 
outputting 128 digital data, which is required for FFT 
operation in connection with the first signal, from the 
AD converter ADC1 is (1/3200)x128=0.04 sec, while 
time length T2 necessary for outputting 64 digital data, 
which is required for FFT operation in connection with 
the second signal, from the AD converter ADC2 is 
(1/40000)x64=0.0016 sec. Namely, the AD convert 
ing time T1 for the first singal is considerally longer than 
the AD converting time T2 for the second signal. 

Furthermore, since the number of digital data used 
for FFT operation of the first signal, i.e. 128, is twice 
the number of digital data used for FFT operation of the 
second signal, i.e. 64, it is understood that time length 
necessary for FFT operation of the first signal is two or 
more times as long as time length necessary for FFT 
operation of the second signal. 
As described in the above, in the above example the 

proportion of signal processing time relative to the first 
signal to the time necessary for the operation of the 
spectrum display device is great. Therefore, in the spec 
trum display device illustrated in FIG. 7, FFT opera 
tion and power spectrum calcuation of the first signal, 
which occupy a great propotion to the signal processing 
time, are executed by the second central processing unit 
CPU2 provided in addition to the first central process 
ing unit CPU1, while remaining controls are executed 
by the first central processing unit CPU1, thereby re 
ducing the time for spectrum analysis. As a result, the 
spectrum display device is capable of operating at sub 
stantially real time. 
FIGS. 8A and 8B are flow chart for the description of 

the operation of the spectrum display device for audio 
signals, shown in FIG. 7. FIG. 9 is a timing chart show 
ing the relationship between the opeation of the first 
central processing unit CPU1 and the second central 
processing unit CPU2. 
FIG. 8A is a flow chart showing the operation of the 

first central processing unit CPU1, whiel FIG. 8B is a 
flow chart showing the operation of the second central 
processing unit CPU2. The timing chart of FIG. 9, is an 
explanatory diagram for the time relationship between 
respective steps of the flow charts of FIGS. 8A and 8B. 
There is the following relationship between the con 

tents of the operations executed in respective STEPs 
(1A) through (15A) of the flow charts of FIGS. 8A and 
8B and the contents of the operations executed in re 
spective steps (1) through (9) of the flow chart of FIG. 
5. Namely, STEP (1A) and STEP (1), STEP (2A) and 
STEP (2), STEP (3A) and STEP (3), STEP (4A) and 
STEP (5), STEP (5A) and STEP (6), STEP (6A) and 
STEP (7), STEP (7A) and STEP (8) respectively corre 
spond to each other, while STEP (9A) and STEP (13A) 
do not have corresponding steps in the flow chart of 
FIG. 5. Remaining corresponding steps are such that 
STEP (10A) to STEP (7), STEP (11A) to STEP (8), 
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STEP (12A) to STEP (9), STEP (14A) to STEP (4), 
and STEP (15A) to STEP (6). In the above, in the 
STEP (6) through STEP (9) of the flow chart shown in 
FIG. 5, control operations are executed under a condi 
tion in which the first and second signals are lumped. 
The operation of the spectrum display device accord 

ing to the present invention, shown in FIG. 7 will be 
briefly described with reference to the flow charts of 
FIGS. 8A and 8B and the timing chart of FIG.9 herein 
after. 
At the START in the flow chart of FIG. 8A, power 

is applied to start the display device, and subsequently 
in the step (1A) initialization (system initialization) is 
effected. The initialization is effected to clear the AD 
converters ADC1 and ADC2, the main memory RAM, 
the video RAM and the like, to set the registers of the 
video display processor VDP, to set using-region of the 
storing region of the video RAM, to set operating 
mode, to transfer predetermined pattern information 
from the read-only memory ROM1 to the pattern gen 
erator table PGT and to the sprite generator table SGT 
if necessary, and to transfer sprite names, X-ordinate, 
and color data to the sprite attribute table SAT. 
While the central processing unit CPU1 repeatedly 

executes the STEP (2A) through STEP (12A), the 
other central processing unit CPU2, when detecting a 
flag 1 in the STEP (13A), which flag is arranged to turn 
to "1" when a predetermined number of digital data 
from the first signal has been stored in the main memory 
RAM with the first signal being AD converted in the 
STEP (2A), executes FFT operation in connection with 
the first signal in the STEP (14A), and subsequently 
executes power spectrum calculations in the STEP 
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(15A). When a flag 2, which turns to "1" at the time of is 
completion of power spectrum calcualtions in connec 
tion with the first signal, is detected, the first central 
processing unit CPU1 performs control operation so 
that display operation relative to the first signal is ef 
feced in the STEP (10A) through STEP (12A). Fur 
thermore, the first central processing unit CPU1 exe 
cutes FFT operation in the STEP (4A) in connection 
with the predetermined number of digital data of the 
second signal, which has been stored in main memory 
RAM after execution of the STEP (3A), and subse 
quently, executes power spectrum calculations in the 
STEP (5A), and controls the device so that spectrum 
display operation for the second signal is carried out by 
the execution of the STEPS (6A) through (8A) by using 
the results of the STEP (5A). 
The relationship between respective steps of the con 

trol operations executed by the central processing units 
CPU1 and CPU2 on time base is as shown in FIG. 9, 
and in the spectrum display device for audio signals 
according to the present invention, shown in FIG. 7, 
inasmuch as the spectrum analysis (STEP (13A) 
through STEP (15A) of the first signal, which requires 
a long period of time for signal processing, is executed 
by the second central processing unit CPU2 within a 
short period of time in accordance with the program 
stored in the high-speed ROM ROM2, while the con 
trol operations of the first and second central processing 
units CPU1 and CPU2 are arranged to be peform in 
parallel on time base, it it apparent that it is possible, in 
the embodiment device shown in FIG. 7, to display 
spectrum of an audio signal on a display unit screen 
with a time further close to real time when compared to 
the embodiment device shown in FIG. 1. 
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Namely, as is apparent from the timing chart shown 

in FIG. 9, while the AD conversion of the first signal by 
the AD converter ADC1 executed in the STEP (2A) 
under the control of the first central processing unit 
CPU1 and the AD conversion of the second signal by 
the AD converter ADC2 executed in the STEP (3A) 
are substantially peformed in parallel on time base, since 
AD converting time with respect to the first signal is 
longer than the AD converting time with respect to the 
second signal as in the above-described example, when 
the starting instant of AD conversion for both first and 
second signals is made identical, the ending instant of 
AD conversion with respect to the first signal is neces 
sarily behind the ending instant of the AD conversion 
with respect to the second signal. 
Even if the FFT operation and power spectrum cal 

culation in connection with the first signal and the FFT 
operation and power spectrum calculation in connec 
tion with the second signal are respectively executed by 
the central processing units CPU1 and CPU2 in parallel 
immediately after the AD conversion in connection 
with the first signal, the calculations for the second 
signal by the first central processing unit CPU1 termi 
nate before the calculations for the first signal by the 
second central processing unit CPU2. When the results 
of spectrum analysis in connection with the second 
signal are obtained by the execution of the STEPS (4A) 
and (5A), the results are immediately displayed on the 
display unit screen in the STEPS (6A) through (8A), 
and simultaneously the second central porocessing unit 
CPU2 is capable of executing spectrum analysis 
(STEPS (13A) through (15A)} in connection with the 
first signal, thereby operating time is effectively and 
readily reduced. 
Reference is made to FIG. 10A which shows a third 

embodiment spectrum display device according to the 
present invention. The circuit arrangement of FIG. 10A 
differs from that of FIG. 1 in that an absolute value 
detector AVD and a sign detector SD are additionally 
provided. Namely, both the absolute value detector 
AVD and the sign detector SD are responsive to the 
output signal from the multiplexer MPX, where an 
output signal from the absolute value detector AVD is 
applied to the AD converter AVD, and an output signal 
from the sign detector SD is applied to the central pro 
cessing unit CPU. 
As the absolute value detector may be used a full 

wave rectifying circuit, while a circuit arrangement 
including a comparator arranged to output high and 
low level outputs depending on positive and negative 
input signals and a latch for temporarily storing output 
from the comparator, may be used as the sign detector 
SD. 

FIG. 10B shows an example of the sign detector 
having a comparator and a latch whose latching timing 
is determined by a leading (positive-going) edge of a 
latch-timing pulse fed from the central processing unit 
CPU. The sign detector SD thus outputs a signal of one 
bit indicative that the analog signal is either positive or 
negative, and this one bit signal from the sign detector 
is stored in the main memory together with AD con 
verted digital data as data to be used in FFT operation. 
The output signal from the multiplexer MPX, which 

may be either the first or second signal, is fed via the 
absolute value detector AVD to the AD converter 
ADC. The above-mentioned absolute value detector 
AVD and the sign detector SD are employed to in 
crease the resolution in AD conversion by one bit. 
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The embodiment of FIG. 10A also shows an RF 
converter RFC and a TV receiver TVS. The combina 
tion of the RF converter and the TV reciever TVS may 
be used in place of the cathode ray tube display unit 
CRT or together therewith to display a resultant spec 
trum of the input audio signal in a different manner. 
Although the central processing unit CPU of FIG. 

10A may operate the program shown in FIG. 5 in the 
same manner as in the first embodiment, another pro 
gram may be used therefor. The following description is 
made assuming that the central processing unit CPU of 
FIG. 10A operates in accordance with a predetermined 
program which is represented by flow charts of FIGS. 
11A and 11B. The flow chart of FIG. 11A is a main 
routine, while the other flow chart of FIG. 11B is an 
interrupt service routine. 

In the flow chart of FIG. 11A, when power is applied 
to the spectrum display device of FIG. 10A, the central 
processing unit CPU starts operating, and in a STEP 
(1B) initialization is effected in the same manner as in 
the previous embodiments. Unless interruption does not 
occur the central processing unit CPU repeatedly exe 
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cutes STEPS (2B) through (8B). Interruption is ar 
ranged to periodically occur at an interval of a specific 
sampling period, which is set in an internal counter built 
in the central processing unit CPU, and when interrup 
tion occurs, the central processing unit CPU starts exe 
cuting STEPS (9B) through (12B) of the interrupt ser 
vice routine (see FIG. 11B) with the execution of the 
steps of the main routine being interrupted. After the 
interrupt service routine is completed, the execution of 
the steps of the main routine is continued from a point at 
which interruption has occurred. 
The central processing unit CPU is arranged to per 

form control operations other than FFT operations, 
power spectrum calculations, converting-to-pattern 
information operations, and control operations for ana 
log-to-digital conversion during time which is other 
than a predetermined period of time at every sampling 
period of the analog-to-digital converting means used 
for AD conversion. FIG. 12 is a timing chart showing a 
series of control operations executed by the central 
processing unit CPU of FIG. 10A. 

In FIG. 12, although the executing period of STEPS 
(9B) through (13B) of the interrupt service routine are 
illustrated to be overlapped with the executing period 
of STEPS (2B) through (5B) along time base, the 
STEPS (9B) through (13B) and the STEPS (2B) 
through (SB) should be illustrated as having a comb-like 
or interdigit shape when viewed microsopically. 

This point will be described in detail hereinafter. 
Interruptions repeatedly occurs at an interval corre 
sponding to a sampling period, which is expressed in 
terms of Ts, is determined by an internal counter of the 
central processing unit CPU. When interruption occurs, 
the interrupt service routine of FIG. 11B takes place, 
where necessary time length from the instant of applica 
tion of an AD conversion starting pulse to the AD 
converter ADC to the instant that output digital signals 
from the AD converter ADC are stored into the main 
memory RAM is expressed in terms of AT. Namely, the 
time length AT is used for the execution of the STEPS 
(9B) through (13B) of the interrupt service routine of 
FIG. 11B. Therefore, remaining time within the sam 
pling period Ts other than the time AT used for each 
one cycle of the interrupt service routine, i.e. Ts-AT is 
used for the execution of the steps (2B) through (5B) of 
the main routine. 
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For instance when the first signal ranges from 25 Hz 

to 1.6 KHz and the second signal ranges from 1.6 KHZ 
to 20 KHz as in the above example, the AD conversion 
of the first signal is executed at an interval of a sampling 
period Ts1 of (1/3200) sec, while the other AD conver 
sion of the second signal is executed at an interval of 
another sampling period Ts2 of (1/40000) sec. Since the 
above-mentioned time length AT necessary for the exe 
cution of the interrupt service routine is considerably 
shorter than either of the sampling period Ts or Ts2, 
the central processing unit CPU is used for the execu 
tion of the interrupt service routine only for a short 
period of time AT at an interval of the sampling period 
Ts, i.e. Ts1 or Ts2. As a result, remaining time given by 
Ts-AT is used for the execution of the STEPS (2B) 
through (8B). 

In the case that an interruption occurs to interrupt the 
exeuction of the STEPS (3B) through (8B) with the 
sampling period Ts being preset to Ts1, which is suit 
able for the first signal, in the STEP (2B), the first signal 
is fed via the multiplexer MPX to the AD converter 
ADC, and the AD conversion starting pulse is applied 
to the AD converter ADC to commence AD conver 
sion of the first signal. Output digital data resulted from 
the AD conversion is then stored in the main memory 
RAM. 
During the execution of the interrupt service routine, 

it is checked and determined whether a predetermined 
number of AD converting operations has been executed 
(i.e. wherther a predetermined number of digital data 
has been obtained) in the STEP (10B). If the predeter 
mined number has not reached yet, namely if the deter 
mination in the STEP (10B) is NO, the interrupt service 
routine is terminated. On the other hand, if the predeter 
mined number has reached, namely if the determination 
in the STEP (10B) is YES, the STEP (11B) is executed 
to check whether the objective of AD conversion is the 
first signal or not. If YES, the STEP (12B) is executed, 
and on the other hand, if NO, the STEP (13B) is exe 
cuted. 
The STEP (12B) is provided to alter the preset value 

of the internal counter for changing the sampling period 
Ts, and to change the number of digital data to be ob 
tained. Namely, assuming that the first signal is first AD 
converted with the preset value corresponding to the 
sampling period Ts1 suitable for the first signal, the 
preset value is changed to the other value correspond 
ing to the sampling period Ts2 suitable for the second 
signal. Simultaneously, the number of digital data to be 
obtained in connection with the first signal is also 
changed to another number suitable for the second 
signal. 

In the case that the determination in the STEP (11B) 
is NO, the STEP (13B) is executed to stop counting by 
the internal counter. 

After the execution of either STEP (12B) or (13B), 
the interrupt service routine is terminated so that the 
operational flow returns to the main routine of FIG. 
11A. From the above it will be understood that AD 
conversion is executed in connection with the first sig 
nal for a predetermined number (n) of times to obtain a 
predetermined number of digital data, i.e. 128 digital 
data in the above-described embodiment. And then AD 
conversion is executed in connection with the second 
signal for a predetermined number (m) of times to ob 
tain a predetermined number of digital data, i.e. 128 
digital data in the above-described embodiment. In this 
way when 128 digital data of the second signal is ob 
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tained, the internal counter is stopped by the exeuction 
of the STEP (13B) terminating the interrupt service 
routine. 

After n digital data for the first signal and m digital 
data for the second signal have been stored in the main 
memory RAM in this way wherein in and n are 128 in 
the above example, n digital data are used in the STEP 
(3B) of the main routine to execute FFT operation so 
that n/2 spectrum data is obtained to be stored in the 
main memory RAM, while m digital data are used in the 
STEP (4B) of the main routine to execute FFT opera 
tion so that m/2 spectrum data is obtained to be stored 
in the main memory RAM. The above FFT operations 
are executed within a short period of time in accordance 
with a program stored in the high-speed read-only 
memory ROM2. Then in the STEP (5B), the spectrum 
data obtained in the STEPS (3B) and (4B) are used to 
execute power spectrum calculations to store the result 
thereof into the main memory RAM. The following 
STEPS (6B), (7B) and (8B) are the same as STEPS (7), 
(8) and (9) of FIG. 5, and description thereof is omitted. 
Turning back to FIG. 12, when the program of 

FIGS. 11A and 11B is executed by the central process 
ing unit CPU shown in FIG. 10A, digital data obtained 
by AD conversions of the first and second signals 
within an interval between ti and t2 is used for FFT 
operations within an interval between t3 and ta. As a 
result, the spectrum of the audio signal appeared within 
the interval between ti and t2 is displayed on the dis 
play unit screen after the instant tá with a time lag of T 
wherein T is the difference between t2 and ta. 
Although this time lag T is only several hundreds of 

milliseconds for instance, it is desired to reduce such 
delay as much as possible. Hence, reference is now 
made to FIGS. 13A and 13B which show another pro 
gram for the central procesing unit CPU, which pro 
gram enables the spectrum display unit to display a 
spectrum with such time lag being reduced compared to 
the case of FIGS. 11A and 11B. 
FIGS. 13A and 13B respectively show a main routine 

and an interrupt service routine in the same manner as in 
FIGS. 11A and 11B. Since the interrupt service routine 
of FIG. 13B is substantially the same as that of FIG. 
11B, desription thereof is omitted. The main routine of 
FIG. 13A differs from that of FIG. 11A in that various 
operations in connection with the first signal are exe 
cuted (see STEPS (1C) through (7C)), and subsequently 
various operations in connection with the second signal 
are executed (see STEPS (8C) through (12C)). In detail, 
immediately after FFT operations (see STEP (3C)) and 
power spectrum calculations (see STEP (4C)) in con 
nection with the first signal are completed, the spectrum 
of the first signal is displayed on the screen of the dis 
play unit CRT by using the spectrum data obtained 
from the first signal (see STEPS (5C) through (7C)). 
Similarly, immediately after FFT operations (see STEP 
(8C)) and power spectrum calculations (see STEP (9C)) 
in connection with the second signal are completed, the 
spectrum of the second signal is displayed on the screen 
of the display unit CRT by using the spectrum data 
obtained from the second signal (see STEPS (10C) 
through (12C)). 
Comparing the flow chart of FIG. 13A with the flow 

chart of FIG. 11A, the difference therebetween will be 
readilly understood from the comparison between the 
timing chart of FIG. 12 and a timing chart of FIG. 14 
which shows timing relationship between various steps 
in the flow charts of FIGS. 13A and 13B. Namely, the 
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time length between an instant tb, by which a predetem 
rined number of digital data has been obtained for the 
first signal, and an instant td, from which FFT operation 
starts, is shorter than the time length between the in 
stant t2, at which a predetermined number of digital 
data has been obtained for each of the first and second 
signals after AD conversion, and the instant t3, from 
which FFT operation starts. Similarly, the time length 
between an instant to, by which a predetemrined num 
ber of digital data has been obtained for the second 
signal, and an instant te, from which FFT operation 
starts, is shorter than the time length between t2 and t3' 
wherein t3 is an instant from which FFT operation for 
the second signal starts. Accordingly, when the flow 
chart of FIG. 13A is used to process the input audio 
signal, time lag which is apt to occur on displaying 
operation can be effetively reduced. 
As is apparent from the detailed description in the 

above, in the spectrum display device for audio signals 
according to the present invention an input audio signal 
is first AD converted into digital data, and then the 
digital data is used for FFT operation and power spec 
trum calculation for obtaining spectrum data with 
which the spectrum of the audio signal is displayed on 
a display unit screen by way of a predetermined pattern. 
In an improved emobodiment of the invention, the fre 
quency range which is an objective of spectrum analysis 
is divided into a plurality of bands, and spectrum analy 
sis is effected at predetemrined frequency intervals for 
respective frequency bands obtained by the division, 
and therefore the number of digital data necessary for 
FFT operation is reduced to shorten the operating time. 
In a further improved embodiment of the invention, 
signal processing operations for the above-mentioned 
respective frequency bands are executed in parallel so 
that further reduction in operating time is achieved. In 
another embodiment, analog-to-digital conversion and 
remaining operations are executed in parallel to reduce 
operating time. Furthermore, the parallel operation of 
AD conversion and remaining operations may be com 
bined with the parallel operation of a plurality of signals 
of a plurality of frequency bands so as to further reduce 
operating time. Since it is possible to reduce signal pro 
cessing time for spectrum display according to the pres 
ent invention as described in the above, the present 
invention readily provides a spectrum display device 
which is capable of displaying a spectrum of an audio 
signal at real time. 
The above-described embodiments are just examples 

of the present invention, and therefore, it will be appar 
ent for those skilled in the art that many modifications 
and variations may be made without departing from the 
spirit of the present invention. 
What is claimed is: 
1. A spectrum display device for an audio signal com 

prising: 
(a) band-separating means for dividing an input audio 

signal into plural analog signals each having one of 
plural different frequency bands; 

(b) analog-to-digital converting means for converting 
said analog signals derived from said band-separat 
ing means into digital signals at a sampling fre 
quency; 

(c) selecting means for selectively and sequentially 
applying said analog signals derived from said 
band-separating means to said analog-to-digital 
converting means; 
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(d) means for varying said sampling frequency to said 
analog-to-digital converting means as a function of 
the frequency band selected to be supplied to said 
converting means; 

(e) a central processing unit for (i) effecting FFT 
operation in connection with the digital signals 
derived from said analog-to-digital converting 
means, (ii) effecting power spectrum calculation in 
connection with the result of the FFT operation to 
obtain power spectrum data, (iii) converting said 
power spectrum data into pattern information cor 
responding to the amplitude of a plurality of fre 
quencies within a spectrum of said input audio 
signal, and (iv) deriving data indicative of said 
pattern information; and 

(f) a video display processor including a display unit 
having a screen and a video RAM, said display 
processor being responsive to data derived from 
said central processing unit for generating a video 
signal using picture data stored in the video RAM 
to thereby display a power spectrum by way of said 
pattern on said screen of said display unit such that 
said plurality of frequencies within said spectrum 
are arranged in sequence on the screen. 

2. A spectrum display deviced as claimed in claim 1, 
wherein said band-separating means comprises a plural 
ity of band pass filters. 

3. A spectrum display device as claimed in claim 1, 
wherein said selecting means comprises a multiplexer 
having a switching operation controlled by said central 
processing unit. 

4. A spectrum display device as claimed in claim 1, 
wherein said means for varying comprises another cen 
tral processing unit. 

5. A spectrum display device as claimed in claim 1, 
further comprising: 

(a) an adder for deriving a sum signal by linearly 
combining first and second signal components of 
said input audio signal; 

(b) a subtractor for deriving a difference signal by 
linearly combining said first and second signal 
components; 

(c) a selection circuit having input signals responsive 
to: said first and second signal components, sum 
signal and difference signal for coupling one of the 
input signals thereof to said analog-to-digital con 
verting means. 

6. A spectrum display device as claimed in claim 1, 
wherein said central processing unit is arranged to oper 
ate to (a) cause said analog-to-digital converting means 
and said selecting means to sequentially convert a plu 
rality of analog frequency band signals into digital sig 
nals, (b) subsequently sequentially execute FFT opera 
tions in connection with a plurality of digital data to 
said plurality of frequency bands, and (c) subsequently 
sequentially execute power spectrum calculations in 
connection with a plurality of results of said FFT opera 
tions the amplitude of plural frequencies within a spec 
trum of said input audio signal, and (iv) deriving data 
indicative of said pattern information, one of said cen 
tral processing units being arranged to effect FFT oper 
ation and power spectrum calculation in connection 
with the digital signals of a predetermined frequency 
band among said plurality of frequency bands, said 
plurality of central processing units being connected to 
be mutually responsive to each other so that given oper 
ations are performed at appropriate timing in each of 
said plurality of central processing units; and 
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(d) a video display processor having a display unit 

with a screen and a video RAM for storing picture 
data from said plurality of central processing units 
for generating a video signal using the picture data 
stored in the video RAM to thereby display a 
power spectrum by way of said pattern on a screen 
of a display unit such that said plurality of frequen 
cies within said spectrum are arranged in sequence. 

7. A spectrum display device as claimed in claim 1 
wherein said central processing unit includes a memory, 
further comprising: 

(a) an absolute value detecting circuit responsive to 
said input audio signal for deriving a unidirectional 
output signal and for supplying said analog-to-digi 
tal converting means with the unidirectional output 
signal; and 

(b) a polarity detector responsive to said input audio 
signal for deriving an output signal indicative of 
the polarity of the input audio signal and for sup 
plying said central processing unit with the output 
signal indicative of the input audio signal polarity 
so that the output signal from said polarity detector 
and the digital signals from said analog-to-digital 
converting means are stored in the central process 
ing unit memory. 

8. A spectrum display device as claimed in claim 1, 
wherein said central processing unit is arranged to exe 
cute substantially parallel operations by way of a plural 
ity of routines such that operations for controlling said 
analog-to-digital converting means are repeatedly exe 
cuted during an interval in which remaining operations 
are executed. 

9. A spectrum display device as claimed in claim 8, 
wherein said central processing unit is arranged to exe 
cute an interrupt service routine for controlling said 
analog-to-digital converting means. 

10. A spectrum display device as claimed in claim 9, 
wherein said central processing unit comprises an inter 
nal counter for setting a sampling period for the analog 
to-digital converting means, said central processing unit 
being arranged to execute said interrupt service routine 
during an interval of said sampling period. 

11. A spectrum display device as claimed in claim 1, 
wherein said central processing unit is arranged to exe 
cute an interrupt service routine for controlling said 
analog-to-digital converting means. 

12. A spectrum display device as claimed in claim 11, 
wherein said central processing unit comprises an inter 
nal counter for setting a sampling period for the analog 
to-digital converting means, said central processing unit 
being arranged to execute said interrupt service routine 
during an interval of said sampling period. 

13. A spectrum display device as claimed in claim 1, 
wherein said central processing unit is arranged to se 
quentially perform FFT operations in connection with 
all the digital signals of said respective frequency bands, 
and then to sequentially perform power spectrum calcu 
lations in connection with all the results of said FFT 
operations. 

14. A spectrum display device as claimed in claim 1, 
wherein said central processing unit is arranged to se 
quentially perform operations including said FFT oper 
ation and power spectrum calculation in connection 
with the digital signals of one of said respective fre 
quency bands, and then to sequentially perform opera 
tions including said FFT operation and power spectrum 
calculation in connection with the digital signals of 
another one of said respective frequency bands. 
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15. A spectrum display device as claimed in claim 1, 
wherein said central processing unit is arranged to ef 
fect said power spectrum calculation in connection with 
each of said plurality of frequency bands such that a 
plurality of amplitude data in each of plural frequencies 
within each frequency band are obtained first, and then 
a maximum amplitude datum among said plural ampli 
tude data is used as spectrum data to represent the am 
plitude in each of said plurality of frequency bands. 

16. A spectrum display device for an audio signal 
comprising: 

(a) band-separating means for dividing an input audio 
signal into plural signals each having one of plural 
frequency bands; 

(b) a plurality of analog-to-digital converting means 
for respectively simultaneously converting a plu 
rality of output signals from said band-separating 
means into digital signals at different sampling 
frequencies; 

(c) a central processing unit for effecting (i) FFT 
operation in connection with the digital signals 
derived from said plurality of analog-to-digital 
converting means, (ii) power spectrum calculation 
in connection with the result of the FFT operation 
to obtain power spectrum data, (iii) converting said 
power spectrum data into pattern information cor 
responding to the amplitude of a plurality of fre 
quencies within a spectrum of said input audio 
signal, and (iv) deriving data indicative of said 
pattern information; and 

(d) a video display processor having a display unit 
having a screen and video RAM for storing picture 
data, said display processor being supplied with the 
pattern information data from said central process 
ing unit for generating a video signal in response to 
the picture data stored in the video RAM to 
thereby display a power spectrum by way of said 
pattern on the screen of the display unit such that 
said plural frequencies within said spectrum are 
arranged in sequence on the screen of the display 
unit. 

17. A spectrum display device for an audio signal 
comprising: 

(a) band-separating means for dividing an input audio 
signal into several signals one for each of plural 
frequency bands; 

(b) analog-to-digital converting means for respec 
tively converting a plurality of output signals de 
rived from said band-separating means into digital 
signals at different sampling frequencies; 

(c) a plurality of central processing units for (i) effect 
ing FFT operation in connection with the digital 
signals derived from said analog-to-digital convert 
ing means, (ii) effecting power spectrum calcula 
tion in connection with the result of the FFT oper 
ation to obtain power spectrum data, (iii) convert 
ing said power spectrum data into pattern informa 
tion corresponding to amplitudes of a plurality of 
frequencies within a spectrum of said input audio 
signal, and (iv) deriving data indicative of said 
pattern information, one of said central processing 
units being arranged to effect FFT operation and 
power spectrum calculation in connection with the 
digital signals of a predetermined frequency band 
among said plurality of frequency bands, said plu 
rality of central processing units being connected 
to be mutually responsive to each other so that 
given operations are performed with appropriate 
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timing in each of said plurality of central process 
ing units; and 

(d) a video display processor having a display unit 
with a screen and a video RAM for storing picture 
data, said display processor being supplied with the 
output data from said plurality of central process 
ing units for generating a video signal using the 
picture data stored in the video RAM to thereby 
display a power spectrum by way of said pattern on 
the screen of the display unit such that said plural 
ity of frequencies within said spectrum are ar 
ranged in sequence. 

18. A spectrum display device for an audio signal 
comprising: 

(a) band-separating means for dividing an input audio 
signal into several signals one for each of plural 
frequency bands; 

(b) a plurality of analog-to-digital converting means 
for respectively simultaneously converting a plu 
rality of output signals from said band-separating 
means into digital signals at different sampling 
frequencies; 

(c) a plurality of central processing units for (i) effect 
ing FFT operation in connection with the digital 
signals derived from said plurality of analog-to 
digital converting means, (ii) effecting power spec 
trum calculation in connection with the result of 
the FFT operation to obtain power spectrum data, 
(iii) converting said power spectrum data into pat 
tern information corresponding to the amplitudes 
of plural frequencies within a spectrum of said 
input audio signal, and (iv) deriving data indicative 
of said pattern information, one of said central 
processing units being arranged to effect FFT op 
eration and power spectrum calculation in connec 
tion with the digital signals of a predetermined 
frequency band among said plurality of frequency 
bands, said plurality of central processing units 
being connected to be mutually responsive to each 
other so that given operations are performed at 
appropriate timing in each of said plurality of cen 
tral processing units; and 

(d) a video display processor having a display unit 
with a screen and a video RAM for storing picture 
data, said display processor being supplied with the 
output data from said plurality of central process 
ing units for generating a video signal using the 
picture data stored in the video RAM to thereby 
display a power spectrum by way of said pattern on 
a screen of a display unit such that said plurality of 
frequencies within said spectrum are arranged in 
Sequence. 

19. Apparatus for processing an analog signal having 
a predetermined frequency range and converting said 
analog signal into a plurality of digital signals, each of 
said digital signals representing the amplitude of the 
analog signal in each of plural different bands in the 
predetermined frequency range, each of said ranges 
having a maximum frequency, comprising means re 
sponsive to the analog signal for separating said analog 
signal into the plural different bands whereby plural 
further analog signals, one for each of the bands, are 
derived, means for converting each of the plural further 
analog signals into a separate digital signal, said means 
for converting having a different sampling frequency 
associated with each of the plural further analog signals, 
the different sampling frequency for each of the plural 
further analog signals being arranged so that the sam 



4,665,494 
25 

pling frequency increases with increasing maximum 
frequencies associated with each band, and digital signal 
processing means for processing the separate digital 
signals derived by the means for converting. 

20. The apparatus of claim 19 wherein the digital 
signal processing means includes means for deriving an 
indication of the amplitude of the digital signal derived 
by the means for converting for each of the plural dif 
ferent bands. 

21. The apparatus of claim 20 further including means 
responsive to the indication of each digital signal ampli 
tude and an indication of the band associated therewith 
for displaying each of the amplitude indications as a 
discrete length along a first direction of an X-Y plot and 
for displaying the associated band at a different position 
along a second direction of the plot. 

22. A method of displaying a spectrum of an audio 
signal comprising: 

26 
(d) activating a video display processor so it is sup 

plied with the output data of said plural central 
processing units to generate a video signal using 
picture data stored in a video RAM to thereby 
display a power spectrum by way of said pattern on 
a screen of a display unit such that said plural fre 
quencies within said spectrum are arranged in se 
quence. 

23. A method of displaying a spectrum of an audio 
10 signal comprising: 

15 

(a) separating an input audio signal into a plurality of 2O 
output signals one for each of plural frequency 
bands; 

(b) respectively converting the plurality of output 
signals into digital signals at different sampling 
frequencies; 

(c) activating plural central processing units to: (i) 
perform FFT operations on the converted digital 
signals, (ii) perform a power spectrum calculation 
on the results of the FFT operations to obtain 
power spectrum data, (iii) convert said power spec 
trum data into pattern information corresponding 
to amplitudes of plural frequencies within a spec 
trum of said input audio signal, and (iv) derive data 
indicative of said pattern information, one of said 
central processing units performing an FFT opera 
tion and power spectrum calculation in connection 
with the digital signal of a predetermined fre 
quency band among said plurality of frequency 
bands, said plural central processing units being 
mutually responsive to each other so that given 
operations are performed with appropriate timing 
in each of said plural central processing units; and 
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(a) separating an input audio signal into a plurality of 
output signals one for each of plural frequency 
bands; 

(b) respectively simultaneously converting the plural 
ity of output signals into digital signals at different 
sampling frequencies; 

(c) activating plural central processing units to: (i) 
perform FFT operations on the converted digital 
signals, (ii) perform a power spectrum calculation 
on the result of the FFT operations to obtain 
power spectrum data, (iii) convert said power spec 
trum data into pattern information corresponding 
to the amplitudes of plural frequencies within a 
spectrum of said input audio signal, and (iv) derive 
data indicative of said pattern information, one of 
said central processing units performing an FFT 
operation and power spectrum calculation in con 
nection with the digital signals of a predetermined 
frequency band among said plurality of frequency 
bands, said plural central processing units being 
mutually responsive to each other so that given 
operations are performed at appropriate timing in 
each of said plural central processing units; and 

(d) activating a video display processor so it is sup 
plied with the output data of said plural central 
processing units to generate a video signal using 
picture data stored in a video RAM to thereby 
display a power spectrum by way of said pattern on 
a screen of a display unit such that said plural fre 
quencies within said spectrum are arranged in se 
quence. 
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